Purpose To evaluate the predictive value of basal serum anti-müllerian hormone level and small antral follicle count for high ovarian response to controlled ovarian hyperstimulation. Methods A total of 159 patients were prospectively included. Basal serum anti-müllerian hormone and small antral follicle count (2-6 mm) were measured. Results Small antral follicle count and anti-müllerian hormone have similar predictive accuracy for high ovarian response with area under curve of 0.961 and 0.922, respectively. The sensitivity and specificity for prediction of high ovarian response were 89% and 92% for small antral follicle count and 93% and 78% for anti-müllerian hormone at the cutoff values of ≥ 16 and ≥ 34.5 pmol/l, respectively. Conclusions Small antral follicle count and anti-müllerian hormone are equally accurate predictors of high ovarian response and facilitate determination of the optimal strategy for controlled ovarian hyperstimulation.
Introduction
Prediction of high ovarian response is still a great challenge in assisted reproduction technology (ART). There is a trend toward individualized treatment to decrease complication, patients discomfort, and cost in modern ART. Ovarian hyperstimulation syndrome (OHSS) is a serious and lifethreatening iatrogenic complication of controlled ovarian hyperstimulation (COH). It is necessary to identify the patients who are at risk to OHSS and use modified strategies for stimulation, such as GnRH-antagonist regimens and mild stimulation protocols.
A variety of endocrine and ultrasound markers have been assessed for predicting ovarian response and in vitro fertilization (IVF) outcome.
Anti-müllerian hormone (AMH), a member of transforming growth factor β family, is produced in the granulosa cells of preantral and small antral follicles [1] . It has been reported that the highest level of expression of AMH in human is in the antral follicles up 4 mm in diameter and that levels decline as antral follicles increase in size [2] . AMH has an inhibitory effect on follicles recruitment and decreases the sensitivity of follicles to FSH [3, 4] , therefore, it may have a regulatory role in follicular development. Furthermore, serum AMH levels have been shown strongly correlate with the number of antral follicles [5, 6] . Serum level of AMH is relatively stable throughout the menstrual cycle [7] [8] [9] [10] . It has been demonstrated that AMH is an accurate predictor of ovarian response to COH in ART cycles [11] [12] [13] . Clinically, AMH-based approach to COH is a recent strategy and may result in optimized treatment burden and minimization of the risk of OHSS and increased cost-effectiveness [14] .
Ultrasound evaluation of the ovaries, early in the menstrual cycle is one of the best diagnostic tools for prediction of ovarian responsiveness. Sonographic parameters such as antral follicle count (AFC) and ovarian volume are important markers of ovarian response [15] , and we can predict the ovarian response of patients undergoing IVF/intracytoplasmic sperm injection (ICSI) with the use of this simple procedure. For clinical purpose, some investigators counted the total number of antral follicles with a diameter of 2-10 mm [16] , and the others determined the number of antral follicles with a diameter of 2-5 mm [17] . Small antral follicles produce AMH, therefore, they may be better predictors of ovarian reserve and ovarian response than total AFC [18] . Based on these evidence, we preferred to determine the number of small antral follicles with a diameter of 2-6 mm for prediction of high ovarian response in our study.
We designed this prospective cohort study to compare the value of basal serum AMH and small AFC measurements in the prediction of high ovarian response to COH in ART cycles. In addition, the ability of small AFC and AMH for prediction of day two embryo quality was evaluated in this study.
Materials & methods

Patients
The study was performed at our university-based assisted reproduction center between January 1, and December 31, 2008. A total of 159 patients undergoing their first IVF cycle, were prospectively recruited for the study. To be included in this study, the women had to be <38 years old, have both ovaries and day 3 FSH < 10, and no history of ovarian surgery, chemotherapy, pelvic radiation, and current hormonal therapy. On the day of 2-3 of the spontaneous menstrual cycle before initiating treatment with a long GnRH agonist protocol in the midluteal phase of the same cycle, venipuncture for assay of AMH, FSH, estradiol (E2), and transvaginal ultrasound scan were performed. The exclusion criteria was ovarian cyst > 10 mm on basal ultrasound scans. Patients who had poor ovarian response to COH in current study were also excluded. Poor ovarian response was considered when three or fewer follicles with a mean diameter of 16 mm were achieved and/or serum E2 level measured on the day of hCG administration was ≤500 pg/ml, and/ or three or fewer oocyted were retrieved. This study was approved by ethics committee of Research and Clinical Center for Infertility, Shahid Sadoughi University of Medical Science. All patients were required to sign a written informed consent before initiation of the treatment cycles.
Assays
All Transvaginal ultrasonographic evaluations were performed by a single investigator, blinded to results of any hormonal assays, using a conventional twodimensional ultrasound (HS-4000, Honda, Japan) equipped with a 7.5-MHz vaginal transducer. The total number of 2-6 mm antral follicles in both ovaries was used for calculation. Intraanalysis coefficient of variation for follicular diameter measurements was < 5%, and the lower limit of detection was 2 mm.
Blood samples were collected from each patients and immediately centrifuged to separate the serum. FSH and E2 assays were performed and the other part of serum samples were frozen at−20°C and stored until sufficient samples were available for AMH assays. FSH concentrations were measured by competitive immunoassay (IDCS, Korbach, Germany), intra-assay and inter-assay coefficients of variation were 6% and 6.8% respectively. E2 concentrations were measured using an enzyme-immunoassay kit (DRG, Marburg, Germany), intra-assay and inter-assay coefficients of variation were 6.3% and 6.4% respectively. Measurement of serum AMH levels was performed using AMH/ MIS enzyme-linked immunosorbent assay kit (Beckman Coulter Immunotech Com., Fullerton, CA). The lowest detection rate limit and intra-assay and inter-assay coefficients of variation were 1 pmol/l or 0.14 ng/mL, 12.3%, and 14.2%, respectively.
Treatment protocol
All patients in the initial cohort were treated with a long protocol for ovarian stimulation. For pituitary suppression, patients were treated with daily administration of 0.5 mg buserelin (suprefact, Aventis, Frankfurt, Germany), started in the luteal phase of menstrual cycle. When ovaries were quiescent on ultrasound, buserelin was reduced to 0.25 mg and continued until the day of hCG administration. The COH was initiated with recombinant FSH (Gonal F, Serono, Aubnne, Switzerland) 150 IU/day on the day 2 of menstrual cycle. Based on clinic-specific protocol, patients >35 years old received recombinant FSH 225 IU/day. Ovarian response was monitored by serial ultrasound examinations and evaluation of serum E2 levels, and then gonadotropin dose adjustments were done as required. Human chorionic gonadotropin (pregnyl, Organon, Oss, the Netherlands) 10,000 IU was adminis-tered when at least two follicles reached a mean diameter of 18 mm. Cycle cancellation was considered when fewer than two follicles with normal growth pattern were noted.
Oocyte retrieval was performed 34-36 h after hCG administration and conventional insemination or ICSI was performed as clinically appropriate. Embryos were transferred on day 2 or 3 under ultrasound guidance, with a C.C. D. embryo transfer catheter (Laboratory C.C.D., Paris, France). According to local criteria, in patients who were high risk for OHSS, all embryos were cryopreserved. Luteal support with progesterone in oil (Progesterone, Aburaihan Co., Tehran, Iran) 100 mg daily IM was started on the day of oocyte retrieval.
Serum β-hCG level was measured 14 days after embryo transfer and a transvaginal ultrasonography was performed 3 weeks later for documentation of gestational sacs and fetal viability.
Outcome measures
For statistical analysis, we assessed two outcome measures. The first one was high ovarian response, according to local criteria, defined as the presence of ≥ 15 follicles with a mean diameter ≥ 12 mm per each ovary at the end of the follicular phase of COH, and/or E2 levels on the day of hCG administration >3,000 pg/mL, and/or > 15 oocytes retrieved and/or cycle cancellation on the day of hCG, and/ or cryopreservation of all embryos because of high risk of OHSS.
The second outcome measure was embryo quality, based on embryo morphology on day 2. Two embryologists evaluated the embryo morphology, embryos with 4-6 evenly sized blastomers on day 2 with ≤ 20% fragmentation and no multinucleation were classified as top-quality embryos. Embryos with 2-6 even or uneven blastomers with ≤ 20% fragmentation and no multinucleation were classified as good-quality embryos.
Statistical analysis
The parameters relevant to demographic and COH characteristics were presented as mean ± SD and range. The Statistical Package for Social Science (SPSS, version 15.0 for windows; SPSS Inc., Chicago. IL) was used for data analysis. Normality was evaluated with the Kolmogorov-Smirnov test. Student's t-test and Chi-square test were used for analysis as appropriate. Logistic regression was performed to determine the independent effect of age, body mass index (BMI), basal FSH, E2, AMH, and AFC on the ability to predict high ovarian response and embryo quality. Receiver operating characteristics (ROC) curve analysis was used to estimate the predictive accuracy of the variables. The ability of any predictors was compared by calculating the areas under the ROC curves (ROC AUC ) and their 95% confidence intervals (CIs). Areas under the ROC curves were compared using the MEDCALC software package (version 9.20; MedCalc Software, Mariakerke, Belgium). The sensitivity, specificity, positive, and negative predictive values were calculated for selected cutoff levels.
A P value of less than 0.05 was considered statistically significant. Values are presented as mean ± SD (range). Multiple logistic regression analysis of age, BMI, basal FSH, E2, AMH, and small AFC demonstrated that small AFC and AMH, both were significant predictors of high ovarian response. Table 2 shows the correlation between variables and high ovarian response by multiple logistic regression analysis.
The ROC curve analysis for the predicting factors for high ovarian response were performed and the results are presented in Table 3 . Figure 1 shows the ROC curve for the predicting factors for high ovarian response. The ROC curve analysis showed that small AFC and AMH were equally predictive of high ovarian response, as demonstrated by a similar area under the curve (AUC) of 0.961 and 0.922, respectively.
The sensitivity, specificity, positive and negative predictive values for prediction of high ovarian response at optimum cutoff levels of variables are shown in Table 3 . The sensitivity and specificity for prediction of high ovarian response were 89 % and 92 % for small AFC and Multiple logistic regression analysis of all variables demonstrated that AMH, small AFC and FSH were significant predictors of day 2 embryo quality (Table 4) . Figure 2 shows the ROC curve for the predicting factors for day 2 embryo quality. AMH was the most significant predictor of day 2 embryo quality, and had the largest area under curve (AUC= 0.728), although, its predictive accuracy was low.
The ROC curve analysis for the predicting factors for day 2 embryo quality, sensitivity, specificity, positive and negative predictive values for prediction of day2 embryo quality at optimum cutoff levels of variables are shown in Table 5 .
Discussion
In this study, we investigated the value of small AFC and AMH as predictors for high ovarian response in young women < 38 years, with normal day 3 FSH. Prediction of high ovarian response to COH and individualization of treatment strategies for patients undergoing IVF reduce the incidence of OHSS, cancellation rate, and cost and also increase chance of pregnancy and clinical safety. Our results demonstrated that we could identify with reasonable accuracy high responders, using either small AFC or AMH measurement prior to COH (AUC= 0.961 and AUC= 0.925, respectively). Our results, along with other previous publications, validate small AFC and AMH as highly predictive of high ovarian response [19] [20] [21] [22] .
In current study, there was no significant difference between the accuracy of small AFC and AMH in prediction of high ovarian response (AUC= 0.961 and AUC= 0.922, respectively).
Assessment of AFC by use of ultrasound is easy, inexpensive, and feasible. It has been reported that AFC is the best single predictor of response to COH [23] [24] [25] [26] [27] . The number of antral follicles depends on the size of primordial follicle pool from which they are recruited. There are some evidence in the literature that the number of small antral follicles represents the functional ovarian reserve better [18] , therefore, small AFC is superior to total AFC in predicting ovarian response. Small AFC is operator-dependent and has intercycle, inter-observer, and intraobserver variability [28, 29] . However, it was reported that intercycle variability of AFC appeared to be more significant in young ovulatory women than in infertile ones [30] . In some studies follicle counts were made using 3D ultrasound, which has been shown to provide more reliable and valid measurements [29, 31] . Several investigators reported that AFC was only a valid measurement of ovarian reserve and a good predictor of ovarian response, therefore, it could not predict oocyte/embryo quality or IVF outcome [32] . On the contrary, recently an investigation demonstrated that AFC was a significant predictor of live birth in IVF cycles and could be used as a prognostic factor for the outcome of ART cycles. [33] . In agreement with the former studies, our results showed that small AFC was not a significant predictor of embryo quality (AUC= 0.473) and did not have the value of prediction of IVF outcome.
In recent years, AMH has emerged as a useful, reliable, accurate, and reproducible predictor of response to COH and IVF outcome [19] [20] [21] [22] . It has been suggested that AMH has the potential to replace FSH as the widely used test of ovarian reserve, with significantly better predictive accuracy [31] . The AMH results are not influenced significantly by menstrual cycle day, E2, contraceptives, or gonadotropin-releasing hormone agonists [34] , but there are some reports that show AMH has limited intercycle variability [12] . AMH levels decreases after ovulation. Streuli et al. reported that the changes in AMH after ovulation were slight, yet statistically significant. The fluctuations observed were smaller than intercycle variability and, therefore, were not clinically relevant as far as AMH measurement for clinical purposes were concerned. They suggested that in daily practice, AMH could be measured any time during the menstrual cycle [35] .
There are two AMH ELISA assays, DSL and Beckman Coulter. We used Beckman Coulter kit. It has been reported that AMH levels were nearly 4.6 fold lower with the DSL assay than with the Beckman Coulter [36] . The cutoff value for prediction of high ovarian response in our study was 34.5 pmol/l, that was higher than previous studies [19, 22] . This difference may reflect different AMH ELISA assays and the need for standardization of the assays in ART. Furthermore, it is necessary to define reliable cutoff values for prediction of ovarian response.
The main aim of our study was to assess the predictive value of small AFC and AMH for high ovarian response. Moreover, we evaluated the predictive value of small AFC and AMH for day 2 embryo quality as a prognostic factor for the outcome of IVF/ICSI cycles.
Our results showed that AMH was the most significant predictor of embryo quality (AUC =0.728). Determination of the probability of achieving good quality embryos is important because of its prognostic value. The AMH is a reliable marker of ovarian activity and follicular growth dynamics and may be the association between AMH and oocyte quality [37] . AFC is believed to represent only the quantitative aspect of ovarian response [38] , in contrast, AMH may show some qualitative aspect of ovarian response.
Both AFC and AMH have some disadvantages. The AFC necessitates skilled ultrasound operators who carefully identify, measure, and count ovarian follicles. There is a moderate intercycle and interobsrever variability in AFC [28, 29] . On the other hand, in some country AMH assay is not routinely available. The availability of the AMH assay may present some problems but surely this test system will soon become part of one of the large automated platforms [21] .
In conclusion, small AFC and AMH are equally accurate predictors of high ovarian response to COH and allow us to identify the patients who are at increased risk of OHSS prior the commencement of stimulation, and help to determine the appropriate treatment protocols. In modern ART, this approach should be a routine practice to attain safe and effective clinical outcomes. Further work remains to be done in standardizing these tests in ART cycles.
